Abstract
Risk of de novo Hepatocellular Carcinoma after HCV Treatment with Direct-Acting Antivirals

Introduction
Chronic infection with the hepatitis C virus (HCV) is a major health burden and one of the main causes of chronic liver disease, with an estimated 2-3% of the world population being chronically infected [1, 2] . Chronic HCV infection progresses to liver cirrhosis via an inflammatory process in 20-30% of all patients [3, 4] . However, the progression rates show high variability [5] .
Hepatocellular carcinoma (HCC) is the most common malignant primary liver cancer and the third leading cause of cancer-related death, affecting more than half a million patients annually [6] . Cirrhosis is the predominant risk factor for HCC development. The cumulative risk for HCC development among patients with cirrhosis ranges from 5 to 30% within 5 years [6, 7] , while the rate of patients with chronic HCV infection and established cirrhosis developing HCC is around 3.5% per year [8] [9] [10] . Patients with established fibrosis are at higher risk of developing HCC than patients in a lower fibrosis stage [11, 12] .
With the introduction of the first NS5B polymerase inhibitor sofosbuvir (SOF) in 2014, interferon (IFN)-free treatment became available, and a sustained virologic response (SVR) could be achieved in > 90% of patients [13] . While patients with cirrhosis are often not eligible to undergo IFN-based treatment, direct-acting antivirals (DAAs) including NS5B and NS5A inhibitors are safe and effective for patients with advanced liver disease, including those with decompensated cirrhosis [14] . The high SVR rates leading to stabilization and improvement of liver function raise hope that treatment with DAAs can reduce the rate of HCC among patients with former chronic HCV infection. However, recently a discussion has started about a possible link between DAA treatment and a higher risk of HCC occurrence and recurrence [15, 16] .
The aim of this study was to investigate the incidence of newly diagnosed HCC in a cohort of patients with chronic HCV infection treated with DAAs without any history of HCC. Furthermore, we compared our results with those for a historical cohort of patients treated with IFN-based regimens.
Patients and Methods
Selection of Patients
DAA Cohort
Between January 2014 (approval of SOF) and August 2016, patients with confirmed chronic HCV infection undergoing treatment with DAAs at the hepatology outpatient clinic of the University Hospital Frankfurt were consecutively and prospectively enrolled as part of a multicenter resistance database study. The cohort was retrospectively analyzed for HCC development. The study was performed in accordance with the 1975 Declaration of Helsinki. The Ethics Committee of the University Hospital Frankfurt approved the study.
For the present analysis, the inclusion criteria comprised chronic HCV infection and treatment with DAAs. The exclusion criteria were an age below 18 years, a history of HCC or de novo HCC before the start of DAA treatment, or coinfection with HIV. All patients underwent HCC screening within 4 weeks before the start of treatment by abdominal ultrasound or dynamic imaging including computed tomography (CT) or magnetic resonance imaging (MRI). Cirrhosis was diagnosed if typical clinical features, endoscopic findings, laboratory results, imaging results, or results of liver biopsy or transient elastography were present.
Follow-up time was defined as the time from the start of treatment with DAAs until the last visit with imaging of the liver including ultrasound, CT, or MRI, a renewed diagnosis of HCC, or death.
IFN-Treated Historical Comparison Cohort
For comparison, we included a historical cohort of patients with chronic HCV infection with and without cirrhosis treated with IFN-based regimens. Between 1998 and 2010, patients with confirmed chronic HCV infection with and without cirrhosis presenting to the hepatology outpatient clinic of the University Hospital Frankfurt for treatment with IFN were retrospectively identified in the clinic's patient database. The Ethics Committee of the University Hospital Frankfurt approved the analysis.
The inclusion criteria comprised chronic HCV infection and treatment with IFN/peginterferon ± ribavirin (RBV). The exclusion criteria were an age below 18 years, a history of HCC or de novo HCC before the start of treatment, or coinfection with HIV. The primary endpoints of follow-up were development of cirrhosis, development of HCC, or death. All patients were followed up from the start of therapy until one of the defined endpoints. Successful antiviral therapy was defined as undetectable HCV RNA 24 weeks after the end of therapy (SVR24).
Assessment of Baseline and Treatment-Related Patient Parameters
The electronic hospital charts were retrospectively analyzed for baseline demographic data and laboratory results. All patients were analyzed for SVR12 (IFN cohort for SVR24; undetectable HCV RNA in the blood of patients 12 or 24 weeks after the end of antiviral therapy).
All patients were retrospectively analyzed for imaging of the liver; the latest image was used as a cutoff. If HCC was suspected, all results from further imaging and diagnostic procedures were evaluated. HCC was diagnosed according to current guidelines by dynamic imaging techniques with 4-phase multidetector CT scanning or dynamic contrast-enhanced MRI and the typical hallmark of HCC (hypervascularity in the arterial phase with washout in the portal venous or delayed phases) or by histopathological examination of biopsies [17] . Fibrosis was assessed by transient elastography results before the start of treatment if available. The cutoff values were chosen as follows: 7.1 kPa for fibrosis stage (F) > 2, 9.5 kPa for F > 3, and 12.5 kPa for F4, as described previously [18, 19] .
Treatment of HCV with DAAs
The patients received one of the following regimens: (1) SOF (nucleoside NS5B polymerase inhibitor) and ledipasvir (NS5A inhibitor) ± RBV for genotypes 1 and 4-6; (2) SOF and daclatasvir (NS5A inhibitor) ± RBV for genotypes 1 and 3; (3) paritaprevir/ritonavir (ritonavir-boosted protease inhibitor), ombitasvir (NS5A inhibitor), and dasabuvir (nonnucleoside NS5B polymerase inhibitor) ± RBV for genotype 1; (4) SOF and simeprevir (NS3 protease inhibitor) ± RBV for genotype 1; and (5) SOF + RBV for genotypes 2 and 3. RBV was administered based on the current guideline recommendations [20, 21] .
Virologic response to therapy was assessed by quantitative HCV RNA assessment using real-time PCR with a limit of detection of 15 IU/mL at week 12 of follow-up (SVR12).
Treatment of HCV in the IFN Cohort
The patients received IFN/peginterferon alfa-2a or -2b plus RBV for 24 weeks (genotypes 2 and 3) or 48 weeks (all other genotypes). Peginterferon alfa-2a was administered subcutaneously at a dose of 180 μg per week. The doses of peginterferon alfa-2b and RBV were weight based according to the respective recommendations of the manufacturers.
Statistical Analysis
This trial was designed as a retrospective cohort study. HCV patients were prospectively included from the start of DAA treatment at the outpatient department. IFN-treated patients were retrospectively collected from the patient database of the clinic. All patients were followed up until death or last contact. The primary endpoint was development of HCC. Continuous variables are shown as medians and full ranges, and categorical variables are reported as frequencies and percentages.
Results
A total of 865 patients were treated with DAAs in the defined time period. Twenty-six of these 865 patients were excluded because they had undergone curative HCC treatment before the start of treatment, and 20 patients were excluded because DAA therapy was started after diagnosis of de novo HCC. Thus, a total of 819 patients were included in the final analysis (Fig. 1) .
The median follow-up after the start of DAA treatment was 263 days, ranging from 0 to 1,001 days; 269 (32.8%) had established cirrhosis, mostly Child-Pugh class A (211 patients, 25.8%). According to the results of liver elastography, 322 (39.3%) had no fibrosis, while 269 (32.8%) had F1-3 fibrosis.
Twenty-five patients (3.1% or 3.6 HCCs/100 person-years) were diagnosed with de novo HCC in the entire DAA cohort within the time of observation. Among the patients with cirrhosis, the HCC rate was 8.9 HCCs/100 person-years. All 25 patients with de novo HCC had cirrhosis. Variables are expressed as medians (full ranges), numbers (proportions), or median ± SD, as appropriate. All p values reported are two-sided. Statistical significance (in bold typeface) was defined as p ≤ 0.05. DAA, direct-acting antiviral; HCC, hepatocellular carcinoma; MELD, Model for End-Stage Liver Disease; HBsAg, hepatitis B surface antigen; SOF, sofosbuvir; DCV, daclatasvir; RBV, ribavirin; LDV, ledipasvir; SMV, simeprevir; SVR12, sustained virologic response, undetectable HCV RNA 12 weeks after the end of therapy.
Overall, the predominant HCV genotype was genotype 1 (605 patients; 73.9%), and 445 patients (54.3%) had been treatment naïve before the start of DAA therapy. In total, 764/819 patients (93.3%) achieved SVR12, while only 32/819 (3.9%) had virologic failure and 23 (2.8%) were lost to follow-up within 12 weeks after the end of antiviral therapy. The median laboratory results for liver function were all within normal ranges at baseline (Table 1) . Among the patients who developed HCC, significantly more patients did not achieve SVR12 (n = 5/25; 20.0%) as compared to the non-HCC group (n = 27/794; 3.4%) (p = 0.003). The patients with de novo HCC had more advanced liver disease and higher GOT and GGT baseline levels than all the other patients ( Table 1) .
To determine risk factors for HCC development among the cirrhotic patients, subgroups of cirrhotic patients with and without HCC were analyzed in univariate analysis. The SVR12 rate remained significantly associated with HCC development: 5 nonresponders (20.0%) developed HCC compared to 12 (4.9%) cirrhotic patients without SVR12 who did not develop HCC (p = 0.023). Of the baseline laboratory parameters, only GGT was significantly higher in the HCC group at a median of 180 U/L (37-916) compared to 100 U/L (14-1,510) among the patients who did not develop HCC (p = 0.008) ( Table 2) .
Patient Characteristics with de novo HCC
All 25 cirrhotic patients who were diagnosed with HCC during follow-up had undergone HCC surveillance every 6 months according to guideline recommendations [17] . The median time from the end of antiviral treatment to HCC diagnosis was 312 days (0-888). Five patients were diagnosed with HCC within the first 3 months after receiving antiviral therapy. Overall, 17 patients (68%) were diagnosed with HCC at BCLC stage A, 6 patients (24%) at BCLC stage B, and 2 patients (8%) at BCLC stage C. All 17 patients with early-stage HCC underwent potentially curative treatment (microwave ablation, radiofrequency ablation, surgical resection, or liver transplantation). The remaining 8 patients were treated with transarterial chemoembolization or systemic therapy with the tyrosine kinase inhibitor sorafenib (Table 3) .
Factors Associated with HCC Development
For the evaluation of risk factors that were associated with the development of de novo HCC, a Cox regression analysis was performed. In our DAA-treated cohort, de novo HCC had developed exclusively in patients with cirrhosis. Therefore, only cirrhotic patients were included in the analysis. We analyzed the dichotomous variables gender, age > 65 years, previous treatment experience, SVR, and liver enzyme elevation (GOT, GPT, and GGT). Failure to achieve SVR was a strong risk factor for de novo HCC in the uni-and multivariate analyses (Table 4a ; Fig. 2 ).
Historical Cohort Treated with IFN and an RBV Regimen
To evaluate the impact of failed SVR as a risk factor for HCC, we also conducted a retrospective analysis of a historical cohort of 351 patients with chronic HCV infection who had undergone IFN-based therapy for HCV infection. The median follow-up was 40 months (range 0-155).
A total of 283 patients with HCV and without cirrhosis underwent therapy with IFN/ peginterferon plus RBV (peginterferon alfa-2a/-2b monotherapy or combined with RBV), while 68 patients (19.4%) already had established cirrhosis (n = 62 [91.2%] at Child-Pugh class A and n = 6 [8.8%] at Child-Pugh class B). In the IFN-treated cohort, 19 patients (5.4% or 3.6 HCCs/100 person-years) were diagnosed with de novo HCC during a median followup of 52 months (0-116). Eleven of the 283 patients (3.9%) had no cirrhosis when treatment was started, while 8/68 patients (11.8%) already had established cirrhosis. The patients with SVR24 who had no established cirrhosis did not develop HCC during follow-up ( Fig. 3 ; Table 5 ).
In the IFN-treated cohort, 171/351 patients (48.7%) achieved SVR24, while only 2/19 patients (10.5%) with de novo HCC were successfully cured (p < 0.001). Furthermore, a higher proportion had established cirrhosis (n = 8; 42.1%; p = 0.017) at the beginning. Patients with de novo HCC had significantly higher levels of transaminases and lower platelet levels.
For the evaluation of risk factors that were associated with the development of de novo HCC, a Cox regression analysis was performed. In the univariate analysis of the IFN-treated cohort, failed SVR (HR 5.579; 95% CI 1.28-24.35; p = 0.022) and transaminases above the upper limit of normal increased the risk for HCC. In the multivariate analysis, failed SVR (HR 4.610; 95% CI 1.02-20.76; p = 0.032) remained an independent risk factor for de novo HCC (Table 4b) .
Risk Factors for de novo HCC in the DAA-Treated and IFN-Treated Combined Cohort
To evaluate if DAA treatment is a possible risk factor for de novo HCC development, both cohorts were combined. A total of 1,170 patients were included (819 DAA treated and 351 IFN treated). De novo HCC was diagnosed in 45 patients. The univariate analysis revealed that male gender, failed SVR, presence of cirrhosis, and liver enzymes above the upper limit of normal increased the risk for de novo HCC. Treatment with DAAs was no risk factor. In the multivariate approach, male gender, failed SVR, and cirrhosis were independent risk factors for HCC development (Table 4c ). Discussion HCC is one of the main complications of chronic HCV infection, with cirrhosis as its strongest risk factor. Therefore, the rationale for eradicating the virus and thereby reducing the risk for HCC development is evident. Several studies have shown a positive effect of IFNbased therapies over the last two decades; however, an SVR did not eliminate the HCC risk completely [22] . Especially the grade of fibrosis or cirrhosis is of utmost importance. Current therapies with DAAs are associated with high rates of SVR, generally exceeding 90% even among patients with cirrhosis or prior treatment failure [23, 24] . Therefore, one of the most interesting current questions concerns the impact of DAAs on HCC incidence. Fig. 2. a Cumulative incidence of hepatocellular carcinoma stratified according to response to treatment in the whole direct-acting antiviral (DAA) cohort (p < 0.001, by log-rank test). b Cumulative incidence of hepatocellular carcinoma stratified according to cirrhosis in the whole DAA cohort (p < 0.001, by log-rank test). c Cumulative incidence of hepatocellular carcinoma stratified according to response to treatment in the whole interferon (IFN) cohort (p = 0.008, by log-rank test). d Cumulative incidence of hepatocellular carcinoma stratified according to cirrhosis in the whole IFN cohort (p = 0.001, by log-rank test). SVR, sustained virologic response. Of IFN-based therapies, which were mostly administered to noncirrhotic patients, it is known that achieving an SVR decreased the risk for de novo HCC by up to 80% among patients with fibrosis [25, 26] . However, some studies from the era of IFN-based therapies found a relevant short-and long-term risk for HCC development among patients with cirrhosis who were successfully treated [27] [28] [29] .
In a Japanese study the cumulative HCC rates after successful IFN therapy were 3.1, 10.1, and 15.9% at 5, 10, and 15 years, respectively, compared with 15.8, 35.5, and 42.3% among patients without an SVR. One important risk factor in that study was a fibrosis stage > 2 [30] . In another Japanese study, the cumulative incidence of HCC among more than 1,000 patients with an SVR after IFN therapy was 3% a median follow-up time of 37 months after treatment [31] ; again, advanced fibrosis (F > 3) was a significant risk factor for HCC development. Of note, HCC development may occur in patients without or with only mild fibrosis (F < 2). In Japanese trials, HCC risks of about 1-2% among patients with F1-2 fibrosis were described [32] . In contrast, little is known about the HCC risk in Europeans with HCV infection. Only a few cases of HCC are described among patients with fibrosis stages of 0-2 up to 10 years after an SVR [33, 34] .
Most of these studies are of a retrospective nature with preselected patients and show a high degree of heterogeneity, making it difficult to assess the actual level of benefit obtained by IFN treatment [35, 36] .
In our retrospective cohort of IFN-treated patients, 5.4% of all patients developed HCC. In the patients with SVR24 and without cirrhosis at the start of treatment, no HCC was diagnosed during the long-term follow-up (although cirrhosis development was observed in a subset of these patients), while at least 8.5% of all patients without cirrhosis but with treatment failure developed cirrhosis and HCC. Only looking at those patients with already established cirrhosis, the rate was higher, with 11.8% of the patients developing de novo HCC.
Interestingly, in our DAA cohort, treatment failure was the most important risk factor for de novo HCC. Moreover, all patients who developed HCC had cirrhosis. This stresses the need for early treatment interventions before cirrhosis is established. Our data agree with epidemiological data describing that HCC in HCV-infected patients develops with established cirrhosis in 2-7% of patients annually [37] .
In 2016, two studies reported higher rates of HCC recurrence after DAA-induced SVR [15, 16] . However, several other studies and an extensive meta-analysis could not replicate these findings [38] . In part, the different initial treatment modalities (resection/ablation vs. chemoembolization) and follow-up durations probably explain the varying findings [39, 40] .
Only few data are currently available on de novo HCC development in patients treated with DAAs. Conti et al. [15] analyzed 344 cirrhotic patients and found de novo HCC in 9 of 285 patients (3.16%). In a risk factor analysis, they found that CTP stage B, more severe liver fibrosis, lower platelet count, and previous HCC were significantly associated with HCC. However, this study also included patients with a previous history of HCC.
Cheung et al. [41] prospectively collected data on 408 patients with decompensated cirrhosis. Seventeen patients (5.4%) developed HCC over a period of 15 months (15 with de novo and 2 with recurrent HCC). There was a reduced rate of new HCC diagnoses during a follow-up period of 15 months among patients with SVR24 compared to those without SVR24 (5.4 vs. 11.2%). Kanwal et al. [42] recently analyzed 22,500 patients treated with DAAs with an SVR12 rate of 86.7%. Thirty-nine percent of the patients had established cirrhosis and 271 HCCs (1.2%) were detected. They found a 76% reduction in HCC risk for patients with an SVR versus those with no SVR: the incidence rate among nonresponders was 3.45 versus 0.9 HCCs/100 person-years among responders. Patients with cirrhosis had the highest annual incidence rate of HCC. Toyoda et al. [43] reported that the annual incidence of HCC after an SVR among patients receiving an IFN-free therapy may be more than 2-fold higher than that among patients achieving an SVR via an IFN-based therapy. More recently, Ioannou et al. [44] published data from the United States Veterans database of HCV-infected patients treated with either IFN and/or DAAs. In this study, de novo HCC was observed in 1-3/100 personyears across the different cohorts and, consistent with our findings, the authors reported a significant decrease in HCC risk following an SVR. Finally, Mettke et al. [45] investigated patients with cirrhosis and DAA treatment compared to untreated cirrhotic patients and could not find any difference in the short-term risk of HCC development regarding DAA treatment as well.
Taken together, the incidence rates of de novo HCC after DAA treatment vary between 1 and 9%, most likely due to differing baseline characteristics of the patient cohorts. We found an overall incidence rate of 3.1% (3.6 HCCs/100 person-years) in the entire DAA-treated cohort. However, when analyzing only the cirrhotic patients, the rate was 9.3% (8.9 HCCs/100 person-years). In our cohort, 5 patients were diagnosed with HCC during and not after DAA therapy, suggesting this was a growth from cancers which had been radiologically undetectable at the beginning of DAA therapy rather than very early de novo development. Most of the tumors were very small at diagnosis. This underlines the recent improvement in imaging modalities that helps in improving detection rates and overall HCC surveillance. We found no short-term risk among the patients with advanced fibrosis (F3), and this underlines the finding that established cirrhosis increases the HCC risk.
It is difficult to compare our DAA-treated patients to those who received IFN in the historical cohorts because the demographic data were different. Nonetheless, the HCC rates seem to be comparable between the different cohorts. In recent discussions and conference proceedings, several factors that may influence the higher detection rate of HCCs in DAAtreated patients were brought up. Importantly, the average follow-up was shorter and the average age was higher in DAA studies than in IFN studies [38] . In a large Scottish database study, cirrhotic patients with DAA treatment compared to IFN-treated patients were older and had lower platelet counts and more often CTP stages B and C. Moreover, significantly more DAA-treated patients were IFN experienced [46] . This compares well to our findings and proves that time clearly has left its mark, with DAA-treated patients being older and having more advanced disease. Moreover, our data clearly imply that in patients with compensated cirrhosis, eradication of HCV should be achieved before liver function is impaired.
According to recent guideline recommendations, surveillance of HCC with liver imaging should be pursued twice annually for an indefinite duration in all patients with stage 3 fibrosis or established cirrhosis after HCV eradication, but surveillance of HCC is not recommended for patients with stage 0-2 fibrosis after an SVR. An intensification of the HCC screening frequency in the immediate post-SVR context is not currently recommended [47] . As patients with failed SVRs are at very high risk, we suggest that these patients should be under very close surveillance (e.g., ultrasound surveillance every 3 months) even during antiviral therapy, and DAA rescue therapies should be evaluated.
The value of DAA therapy for patients with cirrhosis in reducing the risk of HCC development will remain under debate until more long-term data are available. Our data after 12 months of follow-up suggest that in patients with cirrhosis there is no short-term reduction in HCC risk; however, the risk was not increased when compared to IFN-treated patients either.
Disclosure Statement
F.F., K.-H.P., and F.K. report no conflict of interest. G.D. reports personal fees from AbbVie. B.K. reports personal fees from AbbVie, Falk, and Bristol-Myers Squibb. S.Z. reports personal fees as a consultant and/or speaker for AbbVie, Bristol-Myers Squibb, Falk, Gilead, Janssen, and Merck/MSD. C.S. reports personal fees as a consultant and/or speaker for Abbott, AbbVie, Bristol-Myers Squibb, Gilead, Intercept, Janssen, Merck/
